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OVERVIEW Inregard to manufacturing control of componentsfor nuclear
power plants as well as construction and maintenance of such plants,
“traceability” of information such as construction records and work records
has become even more strongly required over recent years. Meanwhile, RFID
technology (which identifies people and products in mass-production
industries by means of radiowaves) is used as a basic technology for
supporting the “ ubiquitous information society,” and its functionality and
versatility are improving all the time. With this background in mind, the
Hitachi Group has developed systems that apply RFID technologies to
manufacturing control of pipe fabrication and construction management of
nuclear power plants in order to improve quality and reliability of such
plants, and the implementation of these RFID technologiesis continuing to

show effective results.

INTRODUCTION

A nuclear power plant is composed of ahuge amount
of different components (more than amillion). Asfor
construction and maintenance of such a plant,
“information traceability” regarding components,
construction records, used tooling, and so onisstrictly
enforced. Conventionally, checking and inputting of
these records are mainly done by workers by manual
input and visual verification. It has, however, become
necessary to do “ double checks’ to avoid human errors
like transcript errors.

In the meantime, RFID (radio-frequency
identification) technology — whichisrapidly gaining
popularity in the industrial area as an automatic-
recognition method because of its high level of
functionality, general versatility, and environmental
resistance — is drawing much attention. RFID
technology recognizes IDs (identifications) by using
electromagnetic waves (i.e. radiowaves), so it can
recognize an 1D without it being directly in sight.
Furthermore, in contrast with abar code (whichisan
equivalent automatic-recognition method), RFID
technology features higher general versatility owing
to its robustness against dirt and friction. With this
background in mind, the Hitachi Group has been
promoting technological development through
application of RFID technology to construction and
maintenance of nuclear power plants.

The rest of this report describes Hitachi’s
production control and construction management as
well as systems that apply RFID technology for
maintenance (see Fig. 1).

APPLICATION TO PIPING-PRODUCTION
CONTROL TECHNOLOGY

In regard to work-record monitoring and welding-
record control on production lines in piping
manufacturing plants as well as shipping control of
manufactured piping, practical application of RFID
technology has begun.

Application to Work-record Monitoring

The shape of each manufactured piping for nuclear
power plants, amounting to several tens of thousands
of items, is different from other pipings, and it is a
risk that trouble in the manufacturing process will
delay on-site construction progress of a plant. This
means that delivery-date management of each piping
item isnecessary. M oreover, the piping-manufacturing
process includes many steps after materials are input
(for example, cutting, bending, and welding);
accordingly, it is necessary to control an enormous
amount of work records in conjunction with these
process steps.

Up until now, a day-to-day production plan is
devised by our in-house-devel oped production-control
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Fig. 1—Actual Expansion into Technologies for Production Control, Construction, and Maintenance in

Nuclear Power Plants.

Examples of applications to (a) welding-record control in pipe-manufacturing plants, (b) product-material
management at construction sites as well as installation-work support and cable connection, and (c) status

monitoring in nuclear power plants.

system, and the past performance datafor each process
in the plan are input manually into the system.
Naturally, real-time control is difficult under these
circumstances. Given that fact, we have developed a
system that uses RFID technology to improve the
collection method and control of work records. The
features of this system are described in the following
sections.

I'n the piping manufacturing process, operationsare
carried out with IC (integrated circuit) tags built into
the work records that are generated for each
manufactured item. Thereupon, by making it possible
to read | C-tag-attached manufacturing form by RFID
readers set up at each production process at the start
and finish of awork operation, it is possible to import
data such as start and finish times of each processinto

a manufacturing-control database. Furthermore, this
system can be hooked up to conventional
manufacturing-control systems, and production
progress and delay status of each piping product can
beverifiedinreal time. In addition, by prescribing the
timing of the start and finish of aprocess, itispossible
to systematically estimate lead timesand performance
of each process step, leading to on-siteimprovements
and higher production efficiency (see Fig. 2).

Application to Welding-record Control

Ontop of plant safety and quality control, assuring
soundness of welded partsis vital. Accordingly, it is
necessary to implement rigorous “qualification
control” for enforcing proper welding by awelder with
suitable qualifications. Furthermore, it is necessary to
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keep more detail ed recordsin comparison to those for
other work, so atremendous amount of effort isneeded
for qualification control and record management.
Given those circumstances, in regard to welding
work, we have applied RFID technology to welder
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Fig. 2—Configuration of RFID System and Piping Factory.

A system applying RFID technology is composed of RFID tags
fixed to welding rods, operators, and manufacturing form
targeted for control, readers for identifying the RFID tags,
PDAs for recording data, a wireless LAN, and a database for
managing the data.

tags, welding rods, and so on in addition to applying
it to manufacturing form. By getting thewelder to scan
the aforementioned | C tag with aPDA (personal digital
assistant) with a built-in 1C-tag reader before starting
a welding operation, the information required for
qualification control can be verified against registered
information in a qualification-control database.

In this way, it is possible to verify, for example,
whether awelder has the necessary qualifications for
welding relevant parts to be welded or whether the
welding conditions are asinstructed. Consequently, it
is possible to prevent improper welding operations
before they are performed. In addition, records such
aswelding current can be stored as el ectronic data after
welding iscompl ete, so operating efficiency of record
organization and verification of welding work can be
dramatically improved (see Fig. 3).

Application to Shipping Control

Asmentioned above, incorrect or delayed shipment
of pipesand their accompanying partstriggers delays
at the construction site of a power plant. Product-
shipment control is therefore extremely important.
Conventionally, at the time of product shipment, the
finished product is verified against a paper letter of
transmittal by visual checking. As a result of this
procedure, a huge amount of work is needed to check
finished products and prevent human errors.

As for the system developed in the current work,
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Fig. 3—Examples of Scenes of
Workers Using RFID Technology
and aWork Input Screen at Pipe-
production Plant.

RFID technology is applied to work-
record collection and welding
control as well as shipment control

of piping.



by simply scanning the | C tag fixed to piping products
with a PDA before shipping, it is possible to
automatically verify the scanned data against the
shipping-schedule information designated by the
manufacturing-control system.

Moreover, a letter of transmittal can be
automatically generated through connection with the
production-control database, contributing to a
reduction intheamount of effort exertedin all shipping
work. And shipping information registered in the
system can be instantly sent to the construction site
due to receive the piping freight, enabling sure-and-
steady delivery-date control between the
manufacturing plant and construction site.

APPLICATION TO ON-SITE CONSTRUCTION
MANAGEMENT

Inregard to product receipt and warehouse-delivery
control, and installation-work record control as well
as cable-connection work at the actual construction
site, systems using RFID technology have started to
be applied.

Application to Product Shipment and
Warehouse Delivery

In regard to receipt of products such as piping at
the construction site, product verification is
conventionally performed by visually inspecting the
presented letter of transmittal of the originally
dispatched product and checking it against the received
product. Then, a huge amount of records have to be
manually input into the product-control system on
returning to the administration office.

Consequently, a lot of effort is involved in
preventing human errors like verification errors and
transcript errors at the construction site. Given those
circumstances, we have developed a system using
RFID technology for receipt of products and
warehouse control at the construction site. Thefeatures
of the system are described as follows.

By means of the developed system, product-
shipping information sent via the system from the
factory and the IC tags attached to the products are
checked off against each other. The checking results
are automatically registered in the construction-
management system and controlled on the system as
past records of receipt of products. Moreover,
inventory location and workers' names stored on the
product can also beinput by 1 C tag, so the accuracy of
information concerning receipt of products and
delivery control at the construction site can be
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improved. By simplifying verification work and data
input operations by using RFID technology in thisway,
it has become possible to reduce the amount of work
performed by administrators and workers alike. On
top of that, it is often the case that received products
are first stored in a warehouse and delivered in
accordance with the construction-site installation
schedule. The new system is also applied for
controlling this process, thereby reducing the burden
on workers.

At the time of selecting an IC tag attached to a
piping product, a mock-up that takes account of the
actual environment at the construction site is
implemented, and the one that possesses durability
characteristics such as resistance to dust, rain drops,
friction, and heat is selected.

Application to Installation-record Management

As regards a construction site of a nuclear power
plant, in the case of the installation of piping, for
example, it is necessary to identify welding locations
spanning more than 40,000 points. Moreover, welding
work is performed in accordance with welding
instructions generated for each welding point. The
installation-work records are input into the system
manually, so a huge amount of effort is needed to
prevent human errors. Given that fact, to improve
reliability of records and to alleviate the load on
workers, we developed a system that applies RFID
technology. The features of the system are described
asfollows.

Through the on-site installation work-record
support system, IC-tag information and work-
instruction information are connected. As a result of
thisconnection, by scanning | C tagsat the construction
site with an IC-tag-reader-fitted PDA, work
instructions can be displayed on the PDA, and the
record of that work can be directly input at the site.
M oreover, dataacquired by measurement devices used
in operations by workers or inspectors can be
automatically input via the IC tags, contributing to
further reduction in human errors. Using RFID
technology to draw up construction records in this
manner makesit possible to improve the reliability of
creating records on site and to reduce the load on
workers.

Generaly, in the case of piping-installation work,
pipes are inspected before welding to check whether
foreign matter has got into pipes. As for drawing up
records of the inspection work, conventionally, acard
registering information about theinspector’sname and
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Fig. 4—Overview of RFID Application to Foreign-body
Inspection in Piping Factory.

Photographic data from foreign-body inspection and film
information (photographed place, person who took photo, and
day photo was taken) are input and linked by RFID, and records
are created automatically by construction system.

piping inspection point is photographed alongside the
inspected region of the pipe. These photographic
records are manually organized at the administration
office. A consequence of this procedure isthat agreat
deal of work is done in creating and managing these
records. With the drawback in mind, we developed a
system using RFID technology to handle such work
aswell.

With this system, which usesaspecia camera, after
the ID of the targeted inspection point and ID of the
photographer are scanned, the target point is
photographed. The inspection result (that is,
photographic-image data) isthen automatically linked
to the IC tag data. Thisimage data is then registered
in the construction-management system. At that time,
the IC-tag information is linked to the welding-point
work record as a key, and a “foreign-material
inspection record” is created automatically. In this
manner, it becomes possibleto improve the reliability
of foreign-material inspection records and reduce the
workload involved in human-error prevention and
control (see Fig. 4).

Application to Cable-connection Work
Cabling installation in nuclear power plants
involves a huge amount of cables (namely, over
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Fig. 5—Overview of RFID Cable-connection System.

The wire-connection navigation systemis composed of a wire
RFID and terminal RFIDs as well as a reader/writer terminal
for checking connections and a cable database for managing
data.

20,000). The connection-work procedurefor thishuge
amount of cables consistsof thefollowing consecutive
steps: issuing a cable-connection drawing at the on-
site administration office, connecting the cableson site,
checking the connections, and inputting performance
results back at the on-site administration office.
Regarding this cable connection, the code tag is
attached to the core wiresin accordance with the cable-
connection drawing so that it can be recognized and,
therefore, improper connections can be prevented. Two
major points of concern associated with this
conventional cable-connection procedure — that is,
one, the workload expended on controlling issuance
of cable-connection drawings at the on-site office and
inputting performance records and, two, the risk of
improper connection of cables on site — are often
cited. Given thoseissues, we have devel oped an “RFID
cable-connection system” for alleviating that workload
and eliminating cable-connection errors.

A schematic overview of the RFID cable-
connection systemisgivenin Fig. 5. The RFID cable-
connection system is composed of IC tags (terminal
RFIDs) fixed to terminals and I C tags (wire RFIDs)
fixed to wire cables, a reader/writer terminal for
reading these tags and displaying the cable-connection
drawing, and acable database for controlling the work



records and cable-connection drawing. The database
makes it easy to control the issuance of cable-
connection drawing at the work site easily. Moreover,
scanning the IC tags on site with the reader/writer
terminal and checking the cable connection on the spot
makesit possible to simplify the work-records control
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and lighten workloads.

As for this RFID cable-connection system,
connections are judged to be correct or not by means
of automatic verification of the wire RFIDs and
terminal RFIDsagainst the cable-connection drawing,
that judgment result is displayed on the reader/writer
terminal, and improper connections are thereby
prevented (see Fig. 6).

APPLICATION TO EQUIPMENT-STATUS
MONITORING

Asfor safely operating anuclear power plant full-
time, in addition to carrying out preventative
maintenance, determining how to raise utilization
efficiency isimportant. In light of that consideration,
from now onwards, CBM (condition-based
mai ntenance) — which involves full-time monitoring
of deterioration conditions during plant operation and
carrying out maintenance with the right methods for
the right equipment at the right time — is being
considered ever more important.

At Hitachi, for the purpose of establishing a
“condition-based maintenance system for energy
plants’ using sensor networks® (seeFig. 7), we have
developed “ sensor nodes’ fitted with vibration sensors.
We have compl eted transmission-verification tests on-
siteand expect to apply the system to actual machinery
in the near future.

A sensor network is a technology that deploys
monitoring network by interconnecting multiple
compact battery-powered sensors via redundant
pathways composed from multiple wirelessrepeaters.
Since power supplies and transmission lines are
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Fig. 7—Example Configuration of Plant-status Basic-maintenance System.
Satus measurements (on valves, pipes, etc.) are sent to a monitoring server via redundant pathways
configured from multiple wireless relay stations, and malfunction/abnormality detection and degradation

measurements are performed.
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unnecessary, the flexibility of installation location is
improved, and all-time monitoring of multiple
monitoring points at low implementation costs
(compared to conventional wired-sensor monitoring
systems) ispossible. Thissystem can perform auditing
control under normal conditions as well as detection
and rapid issuance of warning signals during
anomal ous occurrences. Inthisway, for example, after
the occurrence of an earthquake, the status of piping
and valves during an earthquake can be understood,
and planning of inspection and maintenance can be
quickly drawn up; accordingly, secondary accidents
can be prevented. Moreover, the system can forecast
deterioration status of valves and pipes during pipe
operation and, at appropriate times, can provide
planning proposals for the equipment and locations
needing inspection.

Positioning sensor networks as a common
infrastructure and aiming to upgrade maintenance,
Hitachi is applying sensor networks to status
monitoring of various equipment and collection of
testing data.

FUTURE VISION FOR RFID APPLICATIONS

Up until now, we have achieved verification of
products and welding qualifications as well as
improved reliability and efficiency of construction and
utilization-measurement devices and input of work
records by means of authenticating 1C tags and
recalling information restricted to | C tags by accessing
the database. From now onwards, improving
transmission performance of RFID technology inleaps
and bounds will be a certainty, and control methods
applicable to different kinds of RFID devices will be
invented. In line with these trends of the times, the
concept of RFID that we are assuming is the
connection between physical objects existing in the
real world and objects in the virtual world (as
represented by computer networks). Therole of RFID
technology in the future is expected to be further
reduction of energy consumed in information
acquisition from work sites, which conventionally
experiencesheavy loads (see Fig. 8). While continuing
to apply RFID technology to nuclear-power-plant
systems, weat Hitachi haverecognized theimportance
of realizing thisrole.

ID information isattached to cables, pipes, etc. from
the materialsstage (namely, “ sourcetagging”), related
to design information and construction records, and
recorded in an IT (information technology) system.
In thisway, physical objects and work information in
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Fig. 8—RFID Technology as a Bridge Between the Real and
Virtual Worlds.

RFID technology reduces the energy consumed by information
processing; it can thus merge with network technology and help
configure a “ ubiquitous society”

the real world can be referenced from anywhere
through a network with ID information as a key.
Conversely, the status of objects and work in the real
world can be verified from data in the virtual world.
The future ideal regarding RFID-application systems
(referred to as “intelligence”) is that the real world
and virtual world will be united with granularity not
heretofore possible and that workers will be able to
accurately determine conditions while receiving
support from computer systems. Hitachi will continue
to apply thisideal to systemsfor assuring safety, high
quality, and high reliability of people, things, and work
operations and, in doing so, assure the quality and
reliability of nuclear power plants.

CONCLUSIONS

This report, first, described development matters
concerning systems applying RFID technology to
manufacturing control, construction management, and
maintenance in nuclear power plants and, then,
outlined thefutureideal concerning RFID technology.
In recent years, the expansion of RFID technology has
been prominent. Given that fact, from now onwards,
the Hitachi Group will continueto actively expand the
application domain of RFID technology in accordance
with further development of RFID versatility and
performance and promote research and devel opment
of many kinds of RFID-application technologies. In
this way, we are aiming for further improvement of
quality, reliability, and safety of nuclear power plants.
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